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Abstract
An experiment was conducted to understand the effect of arsenic (As) on photosynthetic
pigments in  Ipomoea aquatica leaves, its growth performance and As uptake in edible
plant parts. The experiment was designed with three levels of As treatments,  viz. 10, 20,
and 40 mg As kg-1 soil along with control, and three biological replications. I. aquatica was
grown  for  six  weeks  after  seed  germination.  Chlorophyll-a,  chlorophyll-b,  carotenoid,
plant height and weight increased at  lower rate of As application (10 mg kg -1)  in soil.
Higher As (20 and 40 mg As kg-1 soil) in soil significantly decreased all the parameters
except carotenoid. Both plant height and weight were significantly reduced at 20 mg As
kg-1 in soil. Chlorophyll-a and chlorophyll-b content were significantly reduced at 40 mg
As kg-1 in soil. Arsenic concentration in plant parts increased significantly at higher As
concentration and exceeded the maximum limit of As (0.5 mg kg -1) for vegetables at 20 mg
As  kg-1 soil  and  above.  Arsenic  uptake  (µg  plant-1)  also  increased  significantly  with
elevated levels of soil As (40 mg kg-1). Considering the growth performance, I. aquatica
should not be recommended to grow where the soil As concentration is 20 mg kg -1 and
above.
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Introduction
Arsenic is one of the toxic environmental pollutants
because  of  its  chronic  and  epidemic  effects  on
human health through widespread drinking water
and  taking  vegetables/crops  grown  on  As
contaminated  growth  medium.  Naturally,  As  is
present in soil all over the world depending on the
origin of the soil (1). The background concentration
of soil As is approximately 5 mg kg-1 (2). Generally,
non-contaminated soils  contain As ranging 0.1–10
mg  kg-1 (3).  Bangladesh  soil  As  concentration  is
higher  than  this  value  and  it  varies  location  to
location.  The  average  soil  As  concentration  in
Bangladesh  is  12.3  mg  kg-1.  Different  studies
documented  different  As  concentration  in
Bangladesh soil ranges from 0.3 to 56.7 mg kg -1 (4–
7).  Most  of  the  population  of  the  country mainly
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depends on groundwater for irrigation during the
dry season cultivation. Bangladesh groundwater is
naturally  contaminated with As ranging from <1 to
1,500 µg L-1  (8). About 46% of the groundwater in
Bangladesh  exceeds  the  World  Health
Organization (WHO) guideline for drinking water
As (0.01 mg L-1) and 27% exceeds the Bangladesh
drinking  water  (0.05  mg  L-1)  guideline  (8).
Irrigating  with  As  contaminated  water  caused  a
substantial accumulation of As in the soil (9–10).
The most important biochemical event on
earth  is  photosynthesis  which  converts  sunlight
into electrical and then chemical energy (11). The
most  important  photosynthetic  pigment  is
chloroplast (chlorophyll-a and chlorophyll-b). They
differ from each other and absorb light of different
wavelength  to  perform  photosynthesis.  Leaf
pigment  content  provides  valuable  information
about  the  physiological  status  of  plants  and can
indicate the metal intoxication (12). Furthermore,
leaf chlorophyll content is closely related to plant
stress  and senescence  (13).  Carotenoids  play  the
structural  role  in  the  organization  of
photosynthetic  membranes,  participation  in  light
harvesting,  energy  transfer,  interception  of
deleterious free oxygen and organic radicals  and
quenching (14). Carotenoids also protect the plant
from free radicals formed through ultra violet or
other radiation.
Arsenic at higher concentration is toxic to
most  plants  (15).  It  interferes  with  metabolic
processes  and  inhibits  plant  growth  and
development  through  As  induced  phytotoxicity
(16). When plants are exposed to excess As either
in  soil  or  in  solution  culture,  they  exhibits
inhibition  of  seed  germination  (17);  decrease  in
plant  height  (18);  depress  in  tillering  (19);
reduction  in  root  growth (17);  decrease  in  shoot
growth (20); lower fruit and grain yield (18); and
sometimes leads to death (21). Arsenic enters into
food  chain  through  plant  uptake  grown  in  As
contaminated  soil  and/or  irrigating  with  As
contaminated  water  affects  the  food  safety.
Phytotoxicity  of  As  to  vegetable  plants  has  been
widely concerned because of large scale use of As
contaminated  groundwater  for  irrigation  in
Bangladesh crop field during the dry season. Little
is known about the effect of As on photosynthetic
pigments, the basis of plant bio-chemical system.
I.  aquatica is  a  high  yielding  and  very  popular
leafy  vegetable.  It  is  cultivated  everywhere  in
Bangladesh  with  or  without  irrigation  facilities
throughout  the  year.  The  main  benefit  is  that
when seeds are shown once in a year, yield can be
obtained throughout  the year as it  has regrowth
capacity  from  its  shoot.  The  present  study  was
undertaken  to  evaluate  the  effects  of  soil  As  on
photosynthetic pigments in leaves of I. aquatica as
well as its growth performance and As uptake in
edible plant parts.
Materials and Methods 
Soil sampling site
The soil sample was collected from the agricultural
field  behind  the  Khulna  University  campus,
Bangladesh,  by  following  the  composite  soil
sampling method as suggested by the United States
Department  of  Agriculture  (22).  The  geographic
location of the sampling site was 22°48.302' N and
89°31.962' E.
Soil sample collection and preparation
The bulk soil representing 0–15 cm depth from the
surface was collected by using traditional  spade.
The  collected  soil  belongs  to  the  Pirojpur soil
series; general soil type–dark grey non–calcareous
tidal floodplain soil and USDA soil taxonomy–Typic
Endoaquepts. After collection, the bulk soil was air-
dried and removed the grasses and other visible
debris.  Then  the  larger  and  massive  aggregates
were  broken  by  gentle  crushing  with  a  wooden
hammer and sieved through a 2.0–mm sieve. The
sieved soil was then mixed thoroughly to make the
composite  soil  sample  which  was  used  for  the
experiment  as  the  growth  medium.  A  small
portion of the soil sample from the composite soil
was  further  sieved  through a  0.5–mm sieve  and
preserved for further laboratory analyses.
Experiment set-up
Twelve plastic pots of equal size (2–L) were used
for  plant  growth.  Two  kg  of  processed  soil  was
poured in each pot. There were four levels of As
treatments (control, 10, 20 and 40 mg As kg-1 soil)
with  three  replications  (three  pots  for  each
treatment). Control also contained some As (6.9 mg
kg-1 soil)  because  this  amount  of  As  is  soil’s
background  As.  Soil  As  concentration  was
artificially varied by using sodium meta arsenite
(NaAsO2). The soil was well fertilized following the
fertilizer  recommendation  guide  (23)  in
Bangladesh.  The  pots  were  arranged  completely
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Table 1. Effect of soil As on different attributes of Ipomoea aquatica
Soil As Chl-a Chl-b Total Chl Carotenoids Plant height Biomass
(mg kg-1) (µg ml-1) (cm) (g)
Control 16.25b (±3.34) 4.17ab(±1.03) 20.42b(±4.23) 3.53a(±0.58) 16.33a(±1.53) 0.87a(±0.04)
10 20.06a(±0.96) 5.07a(±0.31) 25.14a(±1.24) 4.03a(±0.27) 18.67a(±2.08) 0.80a(±0.05)
20 14.98b(±1.40) 4.44a(±0.83) 19.41b(±2.0) 3.92a(±0.62) 12.67b(±1.53) 0.61b(±0.08)
40 9.40c(±1.43) 2.95b(±1.47) 12.35c(±2.41) 2.92a(±0.83) 8.33c(±1.53) 0.45c(±0.06)
*  Chl  =  chlorophyll;  Values  are  the  average  of  replications  (n=3);  Different  letters  above  the  values  indicate  the  significant
differences (p=0.05). Values within the parentheses are the standard deviations (n=3)
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randomized way and the positions were changed
in  alternative  day  to  get  the  equal  sun  light.
According to the treatment, the required amount
of As–salt was mixed into the soil as solution and
kept undisturbed for one week. Then, the soil was
mixed  again  thoroughly  and  poured  into  the
respective pots. When the soil was moist enough to
germinate  seed,  then  about  8–10  seeds  of  I.
aquatica, which was  collected from local market,
were sown in each pot. After ten days from seed
germination, the plants were thinned keeping 4–5
healthy  plants  in  each  pot.  One  week  later,  the
plants were thinned again keeping only 3 strong
and healthy plants in each pot and were allowed to
grow  for  one  more  month.  During  the  whole
growth period, all visible symptoms were carefully
observed  and  recorded.  Six  weeks  after  seed
germination, the plants were harvested by cutting
the stems of  the  plants  at  1.0–cm above  the  soil
ground. Harvested stems together with the leaves
were considered to be the edible parts of the plant.
The harvested plant parts were washed well with
distilled water to remove adhering soil particles on
the  plant  surface.  The  collected  plant  samples
were air-dried and the fresh weight of  the plant
samples were measured and recorded. A part  of
fresh  plant  samples  were  then  processed  for
chlorophyll pigment analysis.
Laboratory analyses
Chlorophyll  contents  in  I.  aquatica leaves  were
determined  spectrophotometrically.  Fresh  leaves
were cut into small pieces and 100 mg of the leaf
was taken into a mortar to grind them finely by
pestle with 5 ml of 80% acetone. The extract was
centrifuged for 20 minutes. The supernatant was
transferred  to  a  measuring  cylinder  and  the
process  was  repeated  thrice  to  ensure  that  the
supernatant was fully extracted and then the final
volume was made up to 15 ml by adding required
volume of 80% acetone. The optical density of each
solution was measured at 663 and 645 nm against
80% acetone blank following the method of Arnon
(24).  The  amount  of  chlorophyll-a,  chlorophyll-b,
total chlorophyll and carotenoids were calculated
according to the Lichtenthaler and Wellburn (25)
formulae.  Plant  height  and  biomass  were
estimated as the indicator of growth performance.
Plant height was recorded at the day of harvesting
using measuring scale whereas the biomass (stem
plus leaf) was measured after air dried.
The  soil  sample  was  digested  with
concentrated  HNO3 and  HCl  (1:3)  for  the
determination  of  total  As  and  other  elements.
Whereas  total  As  in  plant  was  measured  by
digesting  the  plant  samples  with  a  mixture  of
HNO3 and HClO4.  The concentration of As in the
digest was determined by using atomic absorption
spectrophotometer  by  following  the  prescribed
laboratory  methods  (26).  Reagent  blanks  were
used to ensure the accuracy and precision in the
analysis. The particle size analysis of the soil was
done by combination of  sieving and hydrometer
method  as  described  by  Gee  and  Bauder  (27).
Textural classes were determined using Marshall’s
Triangular Coordinates as devised by United States
Department  of  Agricultural  (22).  Soil  pH  (soil:
water,  1:2.5)  was  determined  electrochemically
with  the  help  of  glass  electrode  pH  meter  as
suggested  by  Jackson  (28).  The  electrical
conductivity  of  the  soil  was  measured  at  a  soil:
water ratio of 1:5 with the help of EC meter (29).
Total  nitrogen  of  the  soil  was  determined  by
Micro-Kjeldahl  method  following  H2SO4 acid
digestion (28). Available phosphorus was extracted
from the soil with 0.5 M NaHCO3 at pH 8.5 (28) and
P  was  determined  by  ascorbic  acid  blue  color
method (30). Available potassium was extracted by
using neutral 1N NH4OAC (31) and the K content
was  determined  using  flame  photometer.  Total
iron  content  was  determined  by
spectrophotometer at 510 nm (32).
Statistical analysis
The results were expressed as the average of three
replications.  The  data  was  subjected  to  ANOVA
using  computer  built-in  statistical  software
program Minitab–16.  Differences between means
were  statistically  analyzed  using  Fisher  method
(p=0.05). Graphs were prepared by using computer
built-in Microsoft Excel–2010 program.
Results and Discussion
Some important physical and chemical properties
of initial soil, alternatively in control soil, used for
plant growth are: texture–silty clay loam; pH–7.24;
EC–1.29 dS m-1; total N–0.18%; available P–5.59 µg
g-1; available K–0.23 µg g-1; total Fe–40.82 µg g-1 and
total As–6.9 mg kg-1. 
Chlorophyll content 
The  chlorophyll  contents  of  fresh  leaves  of  I.
aquatica plants are shown in Table 1. Chlorophyll-
a  content  in  the  plant  leaves  increased
significantly  (Table  1)  with  compared  to  the
control at lower As treatment (10 mg kg-1), then it
was decreased with increasing As concentration in
the growth medium and significantly  reduced at
40 mg kg-1 As in soil. The reduction of chlorophyll-a
content was about 42% from the control plants at
40 mg kg-1 As in the soil  (Table 1).  Chlorophyll-b
content also increased significantly with compared
to the control up to 20 mg kg-1 As in soil but it was
significantly reduced at 40 mg kg-1 As in soil (Table
1).  The  reduction  of  chlorophyll-b  content  was
about 30% from the control plants (Table 1). The
significant  reduction  of  both  chlorophyll-a  and
chlorophyll-b was found in plants treated with 40
mg kg-1 As in the growth medium. There was no
significant difference in the content of carotenoids
in  plant  leaves  treated  with  different  As
concentrations (Table 1). But the trend was similar
to that was observed in case of chlorophyll-a and
chlorophyll-b.  The  reduction  of  carotenoids  in
plant parts was about 17% at 40 mg kg -1 As in soil
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as  compared  to  the  control  plants.  Total
chlorophyll  content  (chlorophyll-a  plus
chlorophyll-b) was also followed the similar trend
of  chlorophyll-a  (Table  1).  It  was  significantly
increased at 10 mg kg-1 then it was decreased and
finally significantly decreased at 40 mg kg-1 As in
soil. The reduction was about 40% at 40 mg kg -1 As
in soil as compared to the control plants.
Plant height
Plant height on different levels of As treated soil is
presented in Table 1. It was found that plant height
was  increased  when  plants  were  treated  with
lower  rate  of  As  (10  mg  kg-1)  but  it  was  not
statistically significant. Actually, plant height was
significantly reduced with increasing rate of As (20
and 40 mg kg-1) in soil (Table 1).
Fig.  1. Arsenic concentration (mg kg-1)  in plant  parts  treated
with different level of As in growth medium. Different letters
above  the  bars  indicate  the  significant  differences  (p=0.05).
Error bars are the standard deviations (n=3).
Biomass
Biomass (stem plus leaf) production was reduced
gradually  with  the  increase  of  soil  As  (Table  1).
Biomass reduction was significant at higher rate of
As  treatment  (20  and  40  mg  kg-1).  A  significant
negative  correlation  (r  =  –  0.962;  p =  0.038)
between As in soil and total biomass was observed.
Fig. 2. Arsenic uptake (μg plant-1)  in plant parts treated with
different level of As in growth medium.  Different letters above
the bars indicate the significant differences (p=0.05). Error bars
are the standard deviations (n=3).
Arsenic in plant
The mean values (n=3) of the As concentration (mg
kg-1 dw) and As uptake (µg plant-1) in plant parts
are presented in Fig. 1 & 2, respectively. 
Arsenic concentration and As uptake was
calculated  by  dry  weight  (dw)  basis.  Arsenic
concentration  in  the  edible  plant  parts  was
significantly  higher  in  soil  with  higher  As
concentration (20 and 40 mg kg-1), but there were
no significant differences in the soil with lower As
concentration (10 mg kg-1) (Fig. 1). Similar to the As
concentration,  As  uptake  in  plant  parts  was
significantly  increased  when  grown  in  soil  with
elevated levels of As (40 mg kg-1) (Fig. 2).
The  results  revealed  that  the
photosynthetic  pigments  reduced  significantly
with higher rate of As application (40 mg As kg -1) in
soil. It was reported (33) that 25 mg As kg-1 soil did
not show any negative effect on the photosynthetic
process in bean plants while the higher doses (50
and 100 mg As kg-1) inhibited photosynthesis by 42
and  32%  respectively.  The  present  research
revealed  almost  similar  findings  in  I.  aquatica
leaves.  There  is  no  significant  effect  on  the
photosynthetic pigments of fresh I. aquatica leaves
grown on soil containing up to 20  mg As  kg-1 but
significantly  reduced  at  40  mg  As  kg-1.  The
insignificant  growth of  the  plants  was  increased
with lower rate of As application but the overall
growth  was  significantly  decreased  with  higher
rate  of  As  application  (Table  1).  At  low  soil  As
concentration, displacement of soil  phosphate  by
arsenate increased the availability of phosphate to
the  plant,  which  might  result  in  the  increase  of
plant growth (34). The growth of plants increased
at lower doses of As (35–36) under both soil and
hydroponic  culture.  At  higher  soil  As
concentration, uptake of nutrient element inhibit
in roots therefore the growth of the whole plant
hampered and the plant biomass decreased (37).
Decreased  growth  of  the  plants  grown  in  As-
containing  medium  was  also  reported  (35,  38).
Another  reason  of  the  reduction  of  growth  in
I. aquatica might be due to the reduced chlorophyll
content in  I. aquatica leaves due to As toxicity. It
was reported that As inhibited the growth together
with  biomass  production  (39)  and  caused
physiological disorders (40) as well as reduction in
photosynthetic rate (33) and crop productivity (41).
Chlorophyll content is of particular significance in
agriculture  as  an  indicator  of  photosynthetic
activity. In the present study, chlorophyll contents
reduced with higher rate of As application. It was
also reported that high As concentration depressed
chlorophyll  content  (42–43).  The  decrease  in
photosynthetic  pigments  under  As  treatments
might be due to their toxic effect and it is the sign
of  absence  of  adaptive  adjustments  of  pigment
synthesis to high As levels. Another reason might
be  due  to  the  fact  that  the  increased  soil  As
concentrations  resulted  in  an  alteration  of  the
chloroplast  shape  with  concaving  membrane
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bending  and  partial  destruction  along  with  the
changes  in  the  accumulation  and  flow  of
assimilates leading to the decrease of chlorophyll
contents (33).
Arsenic  concentration  in  the  edible  plant
parts exceeded the maximum limit of As (0.5 mg
kg-1)  for  vegetables  (44)  when  the  plants  were
treated with 20 mg kg-1 As in soil and above (Fig.
1). It can be noted that there is no universal limit
value of As in vegetables but only China had the
maximum limit value of As for vegetables (0.5 mg
kg-1), though some other countries (Australia, New
Zealand,  Singapore  and UK)  have  the  maximum
limit value of As for cereals. The maximum limit
value in rice in those countries is 1.0 mg kg -1 and
that  of  India  is  1.1  mg  kg-1 (44).  The  CODEX
committee  on  contaminants  in  foods  proposed
maximum level (ML) for inorganic As in polished
rice is 0.2 mg kg-1 (45). In this experiment, the soil
contained As of 6.9 mg kg-1 so As concentration of
the control plants was very low. Both organic and
inorganic  forms  of  As  are  present  in  terrestrial
plants  (46)  but  As  in  terrestrial  food  plants  is
dominated by inorganic As (47) and in case of peas
and spinach only inorganic As was present. In the
present  experiment,  organic  and  inorganic  As
could not be separately measured, only the total As
content was measured.  It  is  reported that  in the
Bengal Delta region, most of the As in vegetables
and  spices  are  inorganic  forms  (48–49).  The  As
concentration in the edible parts was about three
and seven times higher than the maximum limit
for vegetables of 0.5 mg kg-1 when grown at 20 and
40 mg As kg-1 soil, respectively (Fig. 1). In contrast,
As concentration in plants grown at 10 mg As kg -1
were very close (0.46 mg As kg-1) to the maximum
limit.  Arsenic concentration in non-contaminated
soils  ranges  from  0.1  to  10  mg  kg -1 (3).  In  the
experiment, soil As concentration (6.9 mg kg-1) was
within the range of non-contaminated soil and As
concentration  in  the  plants  was  very  low  as
compared with the maximum limit.  Therefore,  it
was considered that  the As concentration in soil
having 20 mg kg-1 increased the As concentration
in plants. It seemed clear that if the soil contained
As  up  to  20  mg  kg-1,  the  vegetable  grown  in  it
would exceed the maximal limit.
Conclusion
Considering the photosynthetic pigments in plant
leaves,  biomass production of the plants and the
more concerning matter the As concentration and
As  uptake  in  edible  plant  parts  regarding  food
security,  I.  aquatica  should  not  be grown in soil
where the soil As concentration is 20 mg kg-1 and
above. So, 20 mg As kg-1 in soil might be the risk
value for the plant I. aquatica. This risk value may
differ  depending  on  the  climate,  soil  types  and
species of vegetables.  More research needs to be
conducted using many types of vegetables for the
safety  of  food  production.  The  risk  of  higher
concentrations  of  As  in  soil  in  the  vegetable
cultivation was clearly shown.
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